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[Purpose] To provide a switching device that 
supplies a great deal of information without the need for 
selecting commands. 

[Construction] A switching device 1 outputs 
electrical signals responsive to an operational amount and 
an operational time of a switch, and feeds the electrical 
signals to an information processing device 7. The 
switching device 1 includes a switch 3 which generates a 
signal relating to the operational amount when the switch 3 
is operated, and a signal output means 5 which converts the 
signal relating to the operational amount into a signal 
relating to the operational tim6. A button 14 is vertically 
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movably supported on a cover 13 of th6 switch 3. A movable 
contact 15 is secured to the bottom end of the button 14, 
and is always upwardly urged by a coil spring, etc. The 
movable contact 15 is fabricated of an electrically 
conductive rubber G having a constant resistance. 
Semicircular conductors 18 and 18 with a spacing 19 
interposed therebetween face the movable contact 15, and are 
arranged in a generally circular layout. The switch 3 
outputs a change in resistance between the two semicircular 
conductors 18 as the signal relating to the operational 
amount and a signal output means 3 outputs the signal 

1 

relating to the operational time. 

j 
i 

[CLAIMS] 

[Claim 1] A switching device comprising a switch 
which outputs a signal relating to an .operational amount 
when the switch is operated, and a signal output means which 
outputs an electrical signal relating to an operational time 
based on the signal relating to the operational amount of 
the switch. 

[Claim 2] A switching device according to claim 1, 
wherein the switch comprises a movabie contact formed of an 
electrically conductive rubber and fixed to an operation 
button; conductive fixed contacts arranged in a circular 
configuration with a gap interposed therebetween in a 
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position facing the movable contact, a resistance measuring 

i 

unit which measures a resistance from; the conductive fixed 
contacts, and an A/D converter unit which converts an analog 
quantity from the resistance measuring unit into a digital 
signal. 

[Claim 3] A switching device According to claim l f 
wherein the switch includes a movable magnet fixed to an 
operation button, a fixed coil including a coiled conductive 
wire fixed in a position facing the movable magnet, an 
operational amplifier which amplifies a voltage generated in 
the fixed coil, and an A/D converter which converts an 
analog quantity from the operational amplifier into a 
digital signal. 

[Claim 4 J A switching device according to claim 1, 
wherein the switch includes a movable electrode fixed to an 
operation button, a fixed electrode fixed in a position 
facing the movable electrode, a means for imparting charge 
to the two electrodes, an operational amplifier which 
amplifies a voltage responsive to a capacitance between the 
two electrodes, and an A/D converter which converts an 
analog quantity from the operational amplifier into a 
digital signal. 

[Claim 5] A switching device according to one of 
claims 1, 2, 3, and 4, wherein the signal output means 
comprises an operational time deitector circuit which 


converts an anaXog signai bating to , the operate amount 

^ rtUa i slqiial relating to the 
of the switch into a digital signa 

operational time. 

[C Xaim 6, A switching device according to sXaim 5. 

herein the operations time — circ.it comprises a 
orator which detects that an anaXog signai reiatin* 
th e operationax amount from the switch becomes — 1 " » 
la rger than a predetermined vaXue. a maximum vaXue detector 
01 rc„it which detects that the anaXog signaX reaches a 

fUnfioB which is set by an output signai 
maximum vaiue. a fXipfiop wmc 

fr „„ the comparator, and reset by the maximum vaXue detector 
circuit, and a timer which is stopped by an output of the 

flipflOp. , 4 1 

,Claim 71 A switching device according to cXaim 1. 
„herein the switch comprises a trapezoidaXXy shaped, 
exectricaxxy conductive. movahXe rubber contact fixed to an 
operation button and . fixed contact assembXy composed of a 
piuraXity of reguXarXy space* eXectrodes in a position 
facing the movabXe contact, and wherein a digitaX entity 
mating to the operationaX amount is joutput in response to 
. contact area of the eXectricaXiy conductive rubber contact 
in contact with the eXectrodes. 

,CX.im 81 A switching device abiding to cXaim 1. 

therein the switch cornpri.es a ,*mi-sphe^ 
exectricaxxy conductive. movabi* rubber contact fixed 


bu tto» and a f ixea contact assemhl, composea of a centra 

eiectroae Placed in the eenter - t h e assemhly - • 

£aolng the movahle contact, ana a 

spacea rings of electees centered on the centra! 

an d wherein a digital ,uantitv relating to the operate 

^unt is output in response to a con act area of the 

.ectricaiiV conauctlve ruhher cont^ in contact with the 

electrodes. 

lC laim >] A switching aevice according to one of 
ola ims a. , and S. wherein the signaljoutput means copses 
an operational time aetector circuit which converts a 
fl igital entity relating to the operational amount into 
aigital signal relating to the operational time. 

.Claim 10] A switching aevice accoraing to claim i. 
Wherein the operational time detector ; circuit includes an 
information processing device which converts a digital 
^entity relating to the Operational amount into a digital 
signal relating to the operational time. 

(Detailed Description of the Invention! 

[0001] 

lT echnical Field of the Invention, The present 
invention relates switching devices ana. in particular, to 
switching advice for use in a game machine. More 
specifically, the Resent Invention relates to a switching 

-.4 a + n a bush button switch, etc.. 
device which is applied to a push o 


arranged on a control panel of a oamej machine, for 
controlling the operation of a charter presented on a 
screen of a display unit. 
[00021 

description of the Belated Arts, Japanese Une.an.inea 
«-t Application Potion No. Mioses m. 

sor t of switching device. This conventional switching 
de vice relates to a mouse, which includes a hutton to be 
pressed down by a finger, a pressure sensor which outputs an 
analog signal having a different value in response to a 
force applied on the hutton. and an A,D converter for 

f „rce acting on the hutton is weaKer. digital data having a 

lg stronger, digital data having a larger value is output 

,0003, Besides information relating to an on and off 
state of the hutton. the switching deVice outputs different 
^formation as to the magnitude of force applied on the 
hutton to an information process!.* device. The information 

- ^ rt variety of processes, 
processing device thus can perform a variety 

10004] 

lP rohlems to he solved by the Invention, As already 
aiscu.sed; the above-r«ferehced switching device outputs to 
th e information processing devic*. the information ahout the 
on and off state of the button and the information as to 


pressure acting on the button. If a user attempts to output 
another piece of information, the user must input and select 
another command on the screen of a display of the 
information processing device and then must press the button. 
This inconveniences the user. The information allowed to be 
input is limited to the information relating to the on and 
off operation of the switch and the pressure applied on the 
button . 

[00051 In a game machine as one of the information 
processing devices, the user operates the button arranged on 
the control panel, thereby controlling the operation of the 
character. If the user controls the operation of the 
character in response to the magnitude of the pressure 
applied on the button only, the mode of operation of the 

i 

character is limited. There is a needj for causing the 
character to move in response to the speed at which the 

button is pressed. 

[0006] To resolve this problem, it is the object of 
the present invention to provide a switching device which 
presents more pieces of information without the need for 

i 

selecting commands. 
[0007] 

[Means for Solving the Problems] To achieve the above object, 
a switching device of the present invention includes a 
switch which outputs a signal relating to an operational 


M when the switch Is operate*, aha a signal output 
m eans which outputs an electrical signal relating to an 
operational ti- based on the signal delating to the 
operational amount of the switch. j 

[00081 The switch of the switching device of the 
present invention includes a movabl, ^act formed of an 
electrically conductive rubber and fixed to an operation 
b utton. conductive fixed contacts arranged in a circular 
configuration with a gap interposed therebetween in a 
position facing the movable contact, a resistance measuring 
unit which measures a resistance from : the conductive fixed 
contacts, and an A/D converter unit which converts an analog 
entity from the resistance measuring unit into a digital 
signal. 

4*.^ «<f i-Ha switching device of the 
[0009] The switch of tne switv" * 

present invention Includes a movable magnet fixed to an 
operation button, a fixed coil including a colled conductive 
wire fixed in a position facing the movable magnet, an 
operational amplifier which amplifies a voltage generated in 
the fixed coil, and an A/D converter which converts an 
analog quantity from the operational amplifier into a 

digital signal. 

[0010] The switch of the switching device of the 
present invention includes a movable electrode fixed to an 
operation button, a fixed electrode fixed in a position 


facing the movable electrode; a means for imparting charge 
to the two electrodes, an operational amplifier which 
amplifies a voltage responsive to a capacitance between the 
two electrodes, and an A/D converter which converts an 
analog quantity from the operational amplifier into a 
digital signal. 

[OOll] A signal output means of the switching device 
of the present invention includes an operational time 
detector circuit which converts an analog signal relating to 
the operational amount of the switch into a digital signal 
relating to the operational time. 

[0012] The operational time detector circuit of the 
switching device of the present invention includes a 
comparator which detects that an analog signal relating to 
the operational amount from the switch becomes equal to or 
larger than a predetermined value, a maximum value detector 
circuit which detects that the analog signal reaches a 
maximum value, a flipflop which is set by an output signal 
from the comparator, and reset by the maximum value detector 
circuit, and a timer which is stopped by an output of the 
flipflop. 

[0013] The switch of the switching device of the 

present invention includes a trapezoidally shaped, 

i 

i 

electrically conductive, movable rubber contact fixed to an 
operation button and a fixed coiitact assembly composed of a 
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a electrodes in a position 
facing the movable contact. ^ ^ ^ 

gating to the --7^ onauo t iV e — contact 
a contact area of the 

ln contact with the electrodes. ^ Qf the 

,0014] The switch of the switching 

includes a seml-spherlcally shaped. 
pre sent invention includes ^ ^ , 

bot ton and a fixed contact , ^ in a position 

tetrode Placed In the center of ^ ^ 

~~ ^ centered oi the central electrode, 

spaced rings of electrod ^ operational 

, . fliaital quantity relating t 
a „d wherein a diglta fe tQ a oon i ao t area of the 

amount is output in response , ^ ^ 

, n , Hve rubber contact m c 
electrically conductive ru 

^ool, The signal output — ^ 
4evl ce of the present invention 

d ete,tor circuit which converts . « ^ ^ 

„ the operational amount into a digital 

the operational time. or oircul t of the 

,00X61 The operational ti»e aevlce 

^ a „ information processxny 
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operational time. 
[0017] 

[Operation] When an operation j switch is operated, 
the switch generates a signal responsive to an operation of 
the switch. The operational amount of the switch is then 
fed to a subsequent processing device i The signal output 
means outputs electrical signals relating to the operational 
time based on the operational amount of the switch. A game 
machine controls the distance of travel and travel speed of 
a character based on the electrical signals relating to the 
operational amount and the operational time from the switch. 

[0018] When the electrically conductive movable 
rubber contact comes into contact with the fixed conductive 
contacts which are insulated from each other and are 
arranged in a generally circular layout, the electrically 
conductive rubber is deformed, and the resistance between 
the two conductors changes. The resistance change is 
converted into a voltage value, which is treated as an 
electrical signal representing the operational amount of the 
switch. The signal output means produces an electrical 
signal representing operational spfeed information, based on 
the electrical signal representing the operational amount of 
the switch . 

[0019] When the movable magnet approaches the fixed 
coil in the switch k a voltage is generated in the fixed coil 


,1- This voltage is an 

electrical signal rep electrical 
a the signal output means converts the 

1 „c T#»t S represent 

flX ed electrode, ana a charge supply — . - P 

ftlfectrode and the fixea 
n f *»ach of the movable elects 

zz. r. — - — — -;.r " 

Electric constant between the two e 

♦ e C is C=e S /d. When the operation of a button 
capacitance C is electro des. the 

m« distance a between the two exe 
changes the distan 

. fal , r6 c also changes. In respou 
capacitance C resu lting in the 

— — - '° lta9e * hB Xlonai — and 
electrical signals representing the o,j 

operational speed. ! 

[002 1, The signal output ^ean. includes the 

,,™it whlcli converts the analog 
operation time detector circuit. 

sl9 nal relating to the operational amount of 

9 ^o::^ oper a tibnal tl-e Rector circuit sets 

th e flip^ - the co^tor « 
, , relating to the operational amount of the 


and resets the flipflop when the comparator detects that the 
analog signal reaches the maximum Value. In this way, the 
rising edge of a first half of the analog signal is detected, 
and the time of the analog signal is counted by the timer, 
and the operational time is thus detected* 

[0023] When the trapezoidally [shaped, electrically 

conductive, movable rubber contact is, put into contact with 

I 

the fixed contact assembly composed oi the plurality of 
regularly spaced electrodes in a position facing the movable 
contact in the switch, the electrically conductive rubber is 
deformed and comes into contact with each electrode. In 
this way, the contact area of the electrically conductive 
rubber with each electrode changes. A change in the contact 
area becomes a signal representing whether the electrically 
conductive rubber is in contact with dr out of contact with 
the electrode, and the signal is a digital signal 
representing the contact state of the plurality of 
electrodes. 

[0024] When the semi -spherically shaped, 
electrically conductive, movable rubber contact is in 
contact with the fixed contact assembly composed of the 
central electrode placed in the center of the assembly in a 
position facing the movable contact, and the plurality of 
regularly spaced rings of electrodes centered on the central 
electrode, in the switch, the electrically conductive rubber 


is deformed, and comes into contact with the electrodes, 
from the central electrode to radially external electrodes. 
A change in the contact area becomes i signal representing 
whether the electrically conductive rubber is in contact 
with or out of contact with the electrode . Since the 
plurality of electrodes are employed, the signal is a 
digital quantity response to the contact area of the 
electrically conductive rubber. 

[0025] The signal output means includes the 
operational time detector circuit which converts a digital 
quantity relating to the operational amount into a digital 
signal relating to the operational time. 

[0026] The operational time detector circuit may 
include an information processing device, such as a computer, 
which converts a digital quantity relating to the 
operational amount into a digital signal relating to the 
operational time using a software program. 

[0027] 

[Embodiments] The embodiments of the present 
invention are now discussed, referring to the drawings. 
<First Embodiment > FIG. 1 is a block diagram of an 
information processing device to which one embodiment of the 
switching device of the present invention is connected. 

[0028] The switching device 1 shown in FIG. 1 is 
designed to output electrical signals relating to the 
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* *h« operational time of a switch. 

». switching device 1 is ^ ^ ^ the 

information processing device . oal slgna is 

nation processing device 3 with ~ 
r espon=ive to the operational anoint ana 

anount of the switch. inoWQ es a switch 3 

100291 The switching device 1 mclu 

metrical slgn al responsive to the 
wh ich outputs an electric . ^ ^ ^ ^ 

operational amount when It is P ^ 

_ . which produces a sign, -t ^ ^ 

time of the switch based on the el , 

to the operational — of the ^ 

,.0301 The switch 3 includes mechanical 

ver 13 a button 14. a movable contact 15. 

SUOhaSa t T e and a resistor IV. and electrical 
fixed contact 16. ana &n 

» r.««itstance hteasutfing unir 
components such as a resistan 

A/D converter 22. • swi tch 3 are 

l003 l, The mechanical components of t 

-r- i3 is an external frame 
ranged as follows. The cover 13 is ^ ^ 

ver tlcaU, movabl, supported on the ^ ^ ^ 

and the movable contact _ coil 

always urged by an 
^ 1 a The button 14 is axway* 
button 14. The of a semi . 

spring, etc. The movable contact 


i 

- 16 - 

) 

t 

i 

spherical, electrically conductive rubber G. The 
electrically conductive rubber G has a constant resistance. 

i 

Semicircular conductors 18 and 18 arranged with a spacing 19 

i 

interposed therebetween in a generally disklike 
configuration are placed in a positiori facing the movable 

i 

contact 15. The resistor 17 is coftnedted in parallel with 
the semicircular conductors 18 and 18 * The resistor 17 is 
also configured with one thereof grounded, and with the 
other end connected to one input terminal of the resistance 
measuring unit 21 of a signal butput means 12. 

[003 2 J The electrical system of the switch 3 is 
constructed as follows. The resistance measuring unit 21 is 
configured with one input thereof connected to the other end 
of the resistor 17, and with the other input terminal 
grounded. The resistance measuring unit 21 thus detects a 
change and a rate of change in the resistance between the 
semicircular conductors 18 and 18. The output terminal of 
the resistance measuring unit 21 is connected to the A/D 
converter 22. The A/D converter 22 converts the resistance 
and the rate of change in resistance per unit time from the 
resistance measuring unit 21 into a digital signal. 

[0033] The output . termihals of the resistance 
measuring unit 21 are connected to the input terminals of 
the signal output means 5. The signal output means 5 
receives an electrical analog signal responsive to the 
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operational amount of produces 

,„ The signal output means 

m easuring unit 21 ^ ^ baBeS on 

a digital signal r • Ve to the operational 

- — TiraCtai - - output 

— ana ° utp : r i «-~ ° f the sisnai 

teOTlnSlS : elected to an interne 72 - ~ 

output means 5 a aevlo6 7 . The digital signal 

information processing device ^ ^ ^ 

mating to the operational time is 

through the interface 72. 3 oatputs 

„.,« The A/D converter 22 ^ ^ 

« a rallel format . Ant3 * 
a digital signal in a parall ^ 

terminals of the converter. ^ ^ ^ ^ 

input and output terminals of 

formation processing device 7 lQn 
.00351 m embodiment, the in 

, *he CPO 71 and interface 72 
•a Hnrludes the tfU 
processing device 3 1 ^ ^ prooesslng 

only as shown, hut IP , ^ ^ ^ . 

device 3 further includes ' anS other units 

alsplay unit, an eternal storage unit, 

re^ed for other alagr am showing a specific 

10036 l; if the signal output means =. -erring 
circuit arrangement of t ^ operational 

time detector circuit 51. . ; 
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circuit 51 includes a comparator 52 , a maximum time detector 
circuit 53, a flipflop 54, and a timer 55. The output 
terminals of the resistance measuring unit 21 are connected 
to the input terminals of the comparator 52 and the maximum 
time detector circuit 53. The resistance-voltage converter 
circuit 1 supplies an analog operational amount signal to 

the comparator 52 and the maximum t±m& detector circuit 53. 

j 

The output terminal S of the comparator 52 is connected to 
the set terminal of the flipflop 54. ^The output terminal of 
the maximum time detector circuit 53 is connected to the 
reset terminal R of the flipflop 54. Irhe flipflop 54 
receives, at the clock terminal CP thereof, a drive clock. 
The non-inverted output terminal Q of ;the flipflop 54 is 
connected to the disable control input terminal of the timer 
55. Only when the output terminal Q is at "1", the timer 55 
is operative. The inverted output terminal RQ of the 
flipflop 54 is connected to the reset terminal of the 
maximum time detector circuit 53. 

[0037] The timer 55 is constructed as follows, for 
example. The timer 55 includes a reference clock generator 
circuit 551, a gate 552, and a counter 553. The output 
signal at the non- inverted otitpiit terminal Q of the flipflop 
54 is fed to one input terminal of the gate 552, and the 
output terminal of the reference clock generator circuit 551 
is connected to the other ihpHit terminal of the gate 552. 
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The output terminal of the gate 552 id connected to the 


input terminal of the counter 553. 


[0038] The embodiment thus coristructed is discussed. 


referring to FIG. 1 through FIG. 4* FIG. 3 shows resistance 
characteristics of the switching device with respect to the 
operation of the switching device. The abscissa represents 
time, while the ordinate represents resistance. FIG. 4 
illustrates the relationship between d change in voltage and 
a signal relating to the operational time, wherein the 
abscissa represents time while the ordinate represents the 
change in voltage. 


against the urging of an unshowh coil spring in the 
switching device 1 thus constructed, the electrically 
conductive rubber G of the movable contact 15 comes into 
contact with the semicircular conductors 18 and 18 of the 
fixed contact 16. The semicirculai: conductors 18 and 18 are 
connected to each other through the electrically conductive 
rubber G of the movable contact 15^ arid the resistance 
between the semicircular conductors 18 and 18 becomes 
smaller than the resistance of the resistor 17. When 
further pressed into contact with the semicircular 
conductors i8 and 18, the electrically conductive rubber G 
of the movable contact 15 is deformed. The contact area of 
the electrically conductive rubber G of the movable contact 


[0039] When the button 14 is pressed downward 
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ftd and the contact resistance of the 
15 is increased, ana we 

^ r having a constant 
metrically conductive • 

resls tance with - semicircular «— * ^ of the 

Table 1 lists one example u 

usually decreases. 

relationship -tween the contact area ^ ^ 

»4+h the semicircular 
.„-Hve rubber G witn tne 
conductive ru resistance 

. otance value measured by the res 
18 and the resistance vaxu 

measuring unit 21. 
[0040] 
[Table 1] 

m m. i the resistance sum Ro 
[0041] As listed in Table 1. the 
L of the resistance of the resistor 17 and the 

ls the sum of r ele<jtrically conductive rubber 0. 

contact resistance of the eie ^ 

and r esistance/area - R/c^ ^ ^ ^ ^ ±g 

[00421. The resistances 

* bv the resistance measuring unit 21. 
measured by the ^ (ft) Qf pIG> 

, n the resistance sum Ro. * v 
the change in the lh which the operational 

, shows an operational example. i» 

,i while the operational speed is slow 
amount is small while the 

a. in the resistance sum Ro is small, whi 
change A*a in ^ ^ ^ rf „„. , shows 

^rational time - is » J* _ nt ls 

large, while the op operational 

ii« its large* while wo »f 
in the resistance sum Ro is larg 
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i 

time Atb is short. A portion (c) of ^IG. 3 shows an 
operational example, in which the operational amount is 
larg e. while the operational speed is ; fast. The change ARC 

o„m p 0 is large, while the operational 
in the resistance sum Ro is large, 

time Ate is short. i 

10043) When the resistance measuring unit 21 
me asures the change in the resistance : sum Ro. the resistance 
curing unit 31 generates a voltage [ responsive to the 
change in the resistance of the resistance sum Ro. This 
analog signal contains, as information as to changes in the 
resistance sum Ro. a. change AR. time At for change, an* the 
integral of change AR in the form of voltage signal. The 
output voltage from the resistance measuring unit 21 is 
converted into a digital signal by the A/D converter 22. 

,00441 The analog signal output from the resistance 
measuring unit. 21 is fed to the comparator 52 and the 
max imum time detector circuit 53. When the analog signal 
rises above a reference voltage Eo. the comparator 52 
outputs "I". When the output of the comparator 52 reaches 
*l» the flipfXop 54 is set. and the flipflop 54 outputs . 
turner =5 is thus activated. Specifically, the gate 552 

« „„» ,-lrw.k IS fed from the reference 
is opened, and the reference clock IS 

' -CXOCC generator circuit 551 to the counter 553. The counter 
5S3 counts the reference clock. The maximum time detector 
clr cuit 53 monitors the input # ? log signal, and outputs "1 
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„ it detect, a voltage seller than the mediately 
when it detect ^ 54 ls 

preceding input voltage. In this way. 

Let. The flipf-p - at — eIted 

55 3. X» this way. the counter 553 -asu.es time - the 
Log signal at the rising edge side. The fliP-P M 

» u s -i- at the inverted-output terminal RQ. which is 
:rt 0 .set the ^ t,e detector circuit 53 . an r 

etching device 1 is now ready for the detection of 

next maximum value. 

l0 „45, The digital signal obtained from the A/D 

-i «hf a ined from the timer 
converter 22 and the digital signal obtained 

55 of the signal output means 5 are input to the CPU 
through the interface „. «- - CPU « is used as a game 
mach lne. a character is ^ved by a distance - 

i„ 4„ the resistance, Dasea on 
corresponding to the change AR in the re 

correal resistance sum Ro and 

the change AR in the resistance of the resist 

the time segment At for the change! Xn this case the 

ch aracter is moved within a short or long period of «- 

pending on the time segment At. Usl.g the ^ ° ™ 

■ fhfl CPU 71 expresses the 

^ resistance sum Ro, the Vf" 

?,V ~— - r~ - 

it coXXldes with another character. ; 

,0046, Since the information relating to the 


operation of the button 14 inches the change in the 

optional amount in accordance with the first embodiment. 
the nation processing device can perfor* comple* 

processes. 5 is a block diagram 

[00471 <Second Embodiment) FIG. 5 is 

of a second embodiment of the switching device 
connected to the information processing device, In the 

cond embodiment, components identic,! to those descrlW 
ln connection wit. tbe first embodiment are desisted 
the same reference numerals. j 

,00481 A switching device la shown in FIG. 5 
aeslgned to output electrical signals Responsive to an 

... _*1 time The switching 
operational amount and operational tirte. 

aevice la is electrically connected to the information 
pressing device 7 to feed the electrical signals 
esponslve to an operational amount and operational im o 
th e formation processing device 7. *he switching device 
.eludes a switch 3a which output, an ^ ^ 
responsive to an operational amount of the switch 3 whe 
it ch 3a is operated, and a signal output means Sa 
the switch 3a P . o lonal time of the 

•which produces a signal relating 

switch 3a hased on the electrical signal responsive 
operational amount of the switch ,». 

,0049, The switch 3a incudes a cover 13. 


13 is an external formihg a device body - the 

1U The button 14 is vertically movabiy supported on the 
cover 13 as shown. The second embodiment is different from 
the first ea.hodi.ent in that the movable magnet 15a is fixed 

1 a Hut- tii© first and second 
to the bottom end of the button 14. but the 

embodiments are identical in that the button 14 is always 
urg ed upwardly by an unshown coil spring. The movable 

end thereof and an S pole at the top end thereof. There 
wll l be no problem if the polaris»tioh is inverted. The 
£1X ed coil 16a is arranged in a position facing the movable 
^et l*a. The fixed coll 16a is prodded by winding an 
insulated wire having an insulator coating in a spiral 
configuration or in a coil configuration. Both ends of the 
f ixed coil 16a are connected to both input terminals of an 
operational amplifier 21a. The output of the operational 
e^ifier 21a is connected to the A/D converter 22. The 
operational amplifier 21a has the inverting input terminal 
an d the non-inverting input terminal, to which both ends of 
th e fixed coli 16a are connected. The operational amplifier 
21 a amplifies a change in the Voltage and the rate of the 
change tafclhg Place in the fixed coll ,6a. The output of 

,i am «iifier 21a IS connected to the A/D 
the operational amplifier ^xa 

07 converts a change in the 
converter 22. The A/D converter .22 conve 
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voltage value from the operational amplifier 21a into a 
digital signal. The A/D converter 22 outputs the digital 
signal in a parallel format. The parallel output terminals 
of the A/D converter 22 are connected: to input and output 
terminals of an interface 72. 

[0050] The construction of the signal output means 
5a is fully identical to the counterpart in the first 
embodiment, and the discussion thereof is skipped. The 
information processing device 7 is also fully identical to 
that in the first embodiment, and the discussion thereof is 
also skipped. 

[0051] When the button 14 is pressed downward in the 
switching device la, the movable magnet 15a approaches the 
fixed coil 16a. In response to the speed of the button 14, 
a voltage is generated in the fixed coil 16a through the 

i 

right-handed screw rule. The voltage increases or decreases 

i 

in proportion to the speed of the downward motion of the 
button 14, and a change in the voltagei is amplified by the 
operational amplifier 21a, and is theri converted into a 
digital signal by the A/D converter 22j. The digital signal 
is then fed to a CPU 71 through the interface 72 in the 
^information processing device 7i 

[0052] An operational time detector circuit 51 in 
the signal output means 5 obtains a digital signal relating 
to the speed of the button 14 when pressed, from the change 


ln the voltage. The digital signal r Lting to the 
optional time - - - - «« ^ lnteIfaCe 

,00531 The CPU 71 in the information processing 
aevice 7 performs a variety of processes using the digital 
slgn als relating to the above-referenced operational — 

T * f ho rPU 71 is applied in a game 
and operational time. If the CPU 71 is 

i.v a f Hpqrribed In connection 
machine, the same process as that described 

with the first embodiment is performed. 

(0054) Since the information relating to the 
operation of the button 14 includes the change in the 
operation, the time segment for the change, and the 
operational amount in accordance With the second embodiment. 
th e information processing device can perform complex 
processes. 

[00551 <Third Embodiment FIG. 6 is a block diagram 
of a third embodiment of the switching device which is 
connected to the information processing device. In the 
thi rd embodiment, components identical to those described n 
section with the first embodiment are designated with 

same reference numerals. 

,00561 A switching: device lb shown in FIG. 6 is 
d eslgn*d to output electrical signals responsive to an 
operational amount and operational time. The switching 
aevice lb is electrically co,»epted to the information 


pressing device 7 to feed the electrical signals 
responsive to a, operational amount and operational time to 
the information processing device 7. 

[00571 As in the first embodiment, the switching 
aevice lb includes a switch 3a which outputs an electrical 
si gnal responsive to an operational amount of the switch 3a 
Mh en the switch 3a is operated, and a signal output means 5a 
wbich produces a signal relating to operational time of the 

switch 3a based on the electrical signal responsive to the 

operational amount of the switch 3a. 

,00581 The switch lib includes a cover 13. a button 

14 . a movable electrode 15b. and » fi»* .!•<*««. 16b " 

XHe third embodiment is identical to the first embodiment in 

that the cover 13 is an external frame forming a device body 

movably supported on the cover 13 as shown. The third 
embodiment is different from the first embodiment in that 
the movable electrode 15b is fixed to the bottom end of the 
bu tton 14. but is identical to the first embodiment in that 
tb. button 14 is always upwardly urged. The fixed electrode 
„b is arranged in a position facing toe movable electrode 
15b -me movable electrode 15b is out| of reach of the fixed 
electrode «b even when the movable electrode 15b is pressed 
b y the maximum stroKe. The movable electrode 15b and the 
tl xed electrode 16b are charged by an unshown direct current 


power supply so that the movable electrode 15b is positively 
charged while the fixed electrode 1 6b is negatively charged. 
The movable electrode 15b is connected to the non- inverting 
input terminal of an operational amplifier 21b of the signal 
output means 12b while the fixed electrode 16b is connected 
to the inverting input terminal of the signal output means 

12b. The output terminal of the operational amplifier 21b 

i 
i 

is connected to the A/D converter 22. | The operational 

i 

amplifier 21b is configured with the lion- inverting input 
terminal thereof connected to the movible electrode 15b and 

with the inverting input terminal thereof connected to the 

i 

fixed electrode 16b, and amplifies a Capacitance change 
responsive to a change in the spacing ; between the movable 
electrode 15b and the fixed electrode j 16b and a rate of 
capacitance change in the form of Voltage. The output 
terminal of the operational amplifier ; 21b is connected to 
the A/D converter 22. The A/D converter 22 converts the 
voltage signal of the capacitance ahdthe rate of change of 
capacitance per unit time from the operational amplifier 21b 

into a digital signal. The A/D converter 22 outputs the 

» 

digital signal as a parallel signal. The parallel output 
terminals of the A/D converter 22 are connected to parallel 
input and output terminals of the interface 72. 

[0059] A signal output means 5b is identical in 
construction to the counterpart in the first embodiment. 
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Ih e input tergal of the signal output means 5, is 
c onnected to the output terminal - T ° Pe " tl0n i al output 

ne ans 5b are connected to parallel input and output 
Zlnals of the interface 72 of t h e inflation processing 
aevice 7. Since the information processing device is 
full y identical to that in the first embodiment, the 
dls cussion thereof is skipped. 

( 0060, When the button 14 is pressed downward in 
etching device !b. the spacing between the movable 
eiectrode 15b and the fixed electrode ISb is narrowed 
thereh, changing the capacitance therebetween. Since the 
C apacitance increases or decreases in inverse* 
to the spacing between the movable electrode 15h and the 
fixed electrode 16b. The change in the capacitance is 
converted into a voitage change bv the operational a^pli - 
21b . .he voltage is then converted into a digital signal bv 
the A/D converter 22. The digital signai is then 
transferred to the CPU 71 through the interface 72. 

,.061, The slgnai output **ans 5b detects a change 
„ the capacitance in response to the operation of the 
hutton 1. calculates a change in the operation su< *- 
speed. *nd outputs the operational change In a digital 

Sl9 " al : C00S2, The two digit^i^ls are fed to the CPU 71 
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through the interface 72 in the information processing 
oevice 7. The CPU 71 performs a variety of processes. For 
example, if the CPU 71 is employed in a game machine, the 
CPU 71 performs the same process as that performed in the 

first embodiment. 

[0063] Since the information relating to the 
operation of the button 14 includes the change in the 
operation, the time segment for the change, and the 
operational amount in accordance with the third embodiment, 
the information processing device can perform complex 
processes . 

[00641 <Fourth Embodiment FIG. 7 is a block diagram 
of a fourth embodiment of the switching device which is 
connected to the inf oration processing device. In the 
four th embodiment, components identical to those described 
in connection with the first embodiment are designated with 
the same reference numerals. ! 

10065] A switching device lc shown in FIG. 7 is 
designed to output electrical signals jresponsive to an 
operational amount and operational ti^e. The switching 
aevice lc is electrically connected td the information 
■processing device 7 to feed the electrical signals 
responsive to an operational amount and operational time to 
the information processing device 7. 

[0066] The switching device lc includes a switch 3a 


which outputs an electrical signal responsive to an 
operational amount of the switch 3a wlen the switch 3a is 
operated, and a signal output means 5^ which produces a 

signal relating to operational time of the switch 3a based 

. • j 

on the electrical signal responsive t6 the operational 
amount of the switch 3a. 

[0067] The switch 3c is constructed as follows. 
Specifically, the switching device lc ; includes a cover 13, a 
button 14, a movable contact 15c, and a fixed contact 16c. 
The fourth embodiment is identical to the first embodiment 
in that the cover 13 is an external frame forming a device 
body of the switch lc, and that the btitton 14 is vertically 
movably supported on the cover i3 as shown. The fourth 
embodiment is different from the first embodiment in that 
the button 14 has a movable contact 15c fixed to the bottom 
end thereof and formed of a trapezoidally shaped, 
electrically conductive rubber G. The electrically 
conductive rubber G has a bottom face inclined from a small 
thickness portion at the left hand side to a large thickness 
portion at the right hand side as shown. As in the first 
embodiment, the button 14 is always upwardly urged by an 
unshown coil spring, etc. A fixed contact assembly 16c is 
arranged in a position facing the movable contact 15c. The 
fixed contact assembly 16c includes a plurality of 
electrodes 16cl, I6c2, 1663, 1664, and 16c5 with constant 
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spacings 19cl between 16cl and I6c2, i9c2 between 16c2 and 
16c3, 19c3 between 16c3 and 16c4, and 19c4 between 16c4 and 
16c5. The electrode 16cl is grounded, while the remaining 
four electrodes 16c2, 16c3, 16c4, and 16c5 are connected to 
an interface 72 in the information processing device 7. In 
this way, a four-bit digital signal is output from the these 
electrodes. The interface 72 receives a clock CLOCK. 

[0068] FIG. 8 is a circuit diagram showing the 
construction of an operational time detector circuit 51c of 
the signal output means 5c. In case of the four bit digital 
signal, the operational time detector circuit 51c includes 
three exclusive OR (EXOR) gates 56 , 57, and 58, three 
flipflops 59, 60, and 61, three AND gates 62, 63, and 64, an 
OR gate 68, and a timer 55. 

[0069] The electrode 16c2 is connected to one input 
terminal of the EXOR gate 56, and the electrode 16c3 is 
connected to the other input terminal of the EXOR gate 56. 
The electrode 16c3 is connected to the reset terminal of the 
flipflop 59. The electrode 16c3 is connected to one input 
terminal of the EXOR gate 57, and the electrode 16c4 is 
connected to the other input terminal of the EXOR 57. The 
electrode 16c4 is connected to the reset terminal of the 
flipflop 60. The electrode 16c4 is connected to one input 


of the EXOR gate 58 and the electrode 


16c5 is connected to 


the other input terminal of the EXOR ^ate 58. The electrode 


- 33 - 


16c5 is connected to the reset terminal of the filipfflop 61. 
Each of the flipflops 61. 62, and 63 receives the clock at 
the clock input terminal thereof, although these terminals 
and the clock are not shown* Upon completing counting, the 
timer 55 is designed to clear the flipflops 61, 62, and 63 
so that the flipflops 61, 62, and 63 outputs "1" at the 
output terminals Q thereof. The output terminals Q of the 
flipflops 59, 60. and 61 are respectively connected to the 
other input terminals of the AND gates 62. 63, and 64. The 
output terminals of the EXOR gates 56 j 57, and 58 are 
respectively connected the remaining jnput terminals of the 
AND gates 62, 63, and 64. The output terminals of the AND 
gates 62, 63. and 64 are respectively ! connected to the input 
terminals of the OR gate 65. The output terminal of the OR 

' - i 

gate 65 is connected to the disable control input terminal 
of the timer 5.5 . The timer 55 remains unchanged from that 
used in the first embodiment, and the discussion thereof is 
skipped here. The information processing device 7 is also 
identical to that used in the first embodiment, and the 
discussion thereof is also skipped here. 

[0070] The operation of thfe fourth embodiment is now 
.discussed, referring to FIG. 6 and FIG. 7. FIG. 7 is a 
timing diagram showing the operation of the fourth 
embodiment. The abscissa represents time, while the 
ordinate represents signals at various points of the circuit 
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10071] When the button 14 is pressed down against 
the urging of the unshown coil spring j in the switching 
device 1 thus constructed, the electrically conductive 
rubber G of the movable contact 15c isi put into contact with 
the electrode 16cl of the fixed contact assembly 16c. When 
the button 14 is further pressed down; the electrically 
conductive rubber G is deformed into contact with the 
electrodes 16cl and 16c2 of the fixed contact assembly 16c. 
When the button 14 is even further pressed down, the 
electrically conductive rubber G of the movable contact 15c 
is deformed into contact with the electrodes 16cl. 16c2, and 
16c3 of the fixed contact assembly 16c. As the contact area 
of the electrically conductive rubber G of the movable 
contact 15c is widened, the electrodes 16cl, 16c2. 16c3, 
16c4, and 16c5 are gradually grounded. The Interconnection 
relationship between the electrically conductive rubber G 
and the electrodes 16cl, 16c2, 16c3, 16c4, and 16c5 is 
varied depending on the pressing force and speed acting on 
the button 14. The interconnection relationship of the 
electrodes 16cl, 16c2, 16c3, 16c4, and 16c5 of the fixed 
contact assembly 16c is fed to the interface 72 of the 
information processing device 7 . and is then transferred to 
the CPU 71. 

[0072] The fllpf lops 59* 60, and 61 are set to "1" 
at the output terminals Q thereof at the default conditions 
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thereof. For example, when the electrodes 16cl and 16c2 are 
put into contact with each other, the electrode 16c2 of the 
switch 3 becomes "0" in level (See FIG. 9(a)). This signal 
is output as the output of the switching device 1 . In the 
signal output means 5. the on condition of the EXOR 56 is 
not established, the EXOR 56 is not activated, and the timer 
55 remains inoperative. The timer 55 outputs no digital 
signal relating to the operational time. 

[0073] When the electrodes 16cl. 16c2, and 16c3 are 
in contact with each other for a predetermined period of 
time, the electrodes 16c2 and 16c3 becomes "0" in level (see 
FIG. 9(b)). This signal is fed to the Information 
processing device 7 as the output signal of the switch 3 of 
the switching device 1. 

[0074] in the signal output means 5. the on 
condition of the EXOR 56 is established for a duration of 
time from tl to t2. and for a duration of time from time t3 
to time t4, and the EXOR 56 outputs "If for the duration of 
time from time tl to time t2, and for jthe duration of time 
from time t3 to time t4. Since the fljLpflop 59 becomes "0" 
at time t2, the AND gate 62 does not ojutput "1" for the 
.'duration of time from time t3 to time !t4, but outputs "1" 
for the duration of time from time tl to time t2 only. The 
level "1" is fed to the disable control input terminal of 
the. timer 55 through the OR gat # 65. in this way. the 


tl to time t2 is counted. 
* nme from time t.a >- w 
duration of time fr _ - leo troaes 16ol. 16c2. 

10075] Furthermore, when the electro 

, nd !6c4 are connected to each other for a 
16c3. and 16C4 ai» and 

— - — - ^ n - 

v. «™« "0- in level (see FIG. 9(c)! • 
16 c4 become 0 in , t 

fed to the information processing device 

4^h 3 in the switching device 1. 
signal from the switch 3 in , 

l00 76l in the signal output means 5. the 

f the EXOR gate 56 is established for a duration 
condition of the EXOR ga , urati on of time 

, «. time til to time tl2 and;for a duration 
of time from time ui , . 

„ tl. to time t!6 and the on condition of the EXOR 
£ ^ 7, for a duration^ time from timet, 

HI t!3 and for a d^atlon of U„M^ - 

< fig 9(c), the EXOR gate 56 outputs 1 
tl5 As shown in FIG. 9<cj, 

4.H 4-n *ime tl2 and for the 
for the duration of time from tU to time 

for tne " and as shown in 

.4 of time from time tl5 to time tl6. and a 
duration of time aur ation of 

„ c ,(c) the EXOR gate 57 outputs 1 

\ lm t» to time t!3 and for the duration of time 
tlra e from time tl to t ^ ^ ^ 

from time "4 to time t!5. 

to -0" at the output terminal Q thereof at time t!4 

* outout -1- *t the output terminal thereof 
gat e 63 does not output 1 ^ ^ 

from the duration of 

t ut9 . r for the duration of time from time 
outputs 1 tor output 
tl3 Since the flipflop 59 is driven to 0 

* f 1m e t!5 the AND gate 62 aoes not 
terminal Q thereof at time t!5. 


output "1" at the output terminal thereof for the duration 
of time from time tl5 to time tl6, but outputs "1" for the 
duration of time from time til to time tl2. When these 
"l's" are fed to the OR gate 65, the OR gate outputs "1" at 
the output terminal thereof for the duration of time from 
time til to tl3. This signal is fed to the disable control 
input terminal of the timer 55. The timer 55 counts time 
for the duration of time from time til to time tl2. 

[0077] When the electrodes 16cl, 16c2, 16c3, 16c4, 
and 16c5 are all connected to each other for a predetermined 
duration of time, the electrodes 16c2, 16c3, 16c4, and 16c5 
becomes "0" in level (see FIG. 9(d)). This signal is fed to 
the information processing device 7 as the output signal of 
the switch 3. In the signal output means 5, the on 
condition of the EXOR gate 56 is established for a duration 
of time from time t21 to time t22 and for a duration of time 
from time t27 to time t28, and the on condition of the EXOR 
gate 57 is established for a duration of time from time t22 
to time t23, and for a duration of time from time t26 to 
time t27, and the on condition of the EXOR gate 58 is 
established for a duration of time from time t 23 to time t24, 
and for a duration of time from time t25 to time t26. 
Referring to FIG. 9(d), the EXOR gate 56 outputs "1" at the 
output terminal thereof for the duration of time from time 
t21 to time t22 and for the duration of time from time t27 


, vrr 9(c), the EXOR gate 57 

° UtP time t« to time t23. and for the au.at.on of 

° f tlme time — * ™" ^ 

tim e from time «< _ Qutput termlnal thereof for 

BXOR gate 58 outputs ^ ^ for t „ e 

the auration of time — »" s±noe the 

.i-- *-25 to time tzo. 

— - tlme r : ^ at the output terminaX 0 

thereof at time t» o£ tjrae from tlne „, to 

th e output ~ ■ auration of time from time 

tlm e « 1 6 i p ls ^ to -0" at 

« to t^ «4. s 7j;;;; p t j j D gate « ~ ^ 

the output thereof at tiro » . 

, lirfl 4.4 on of time 

., at the output terminaX «— ^ ^ tor the auration 

from t^e tae to t^ta^ut output , s 

,„ x. n t 24. Since the fi3.prx« v 
o£ time from time t23 to ^ w> 

. -n" at the output terminal Q tne 
ariven to 0 at ^ tMmlnal 

the AND gate 62 doe, not output ^ 

£ *-imft from time t-*' 
thereof for the duration of time f ^ ^ ^ 

. .," for the auration of time from 

^T at th, output terminaX thereof, a 
, 0R ga te .. ^^.^ for the aaratlo „ of time from 
s i g „al that remains ■ ^ fed to the aisahle 

tlne tax to time t . X 5s ^ auratlon £ro m 

control input terminai of tn 
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time t21 to time t24 is thus counted. The digital signal 
relating to the operational time is f€id to the CPU 71 of the 

information processing device 7. ; 

i 

[0078] The CPU 71 performs a variety of processes, 
based on the change in the grounded (interconnected) state 
of the electrodes of 16cl, 16c2, 16c3, 16c4, and 16c5 of the 
fixed contact assembly 16c and the signal relating to the 
operational time from the signal output means 5. 

[0079] The fourth embodiment provides the same 
advantages as those of the first embodiment. Furthermore, 
since the fourth embodiment obtains the digital signal 
directly from the operational information of the button 14, 
the resistance measuring unit, the operational amplifier, 
and the A/D converter are dispensed with. 

[0080] <Fifth Embodiment FIG. 10 is a block diagram 
of a fifth embodiment of the switching device which is 
connected to the information processing device. In the 
fifth embodiment, components identical to those described in 
connection with the first embodiment are designated with the 
same reference numerals. 

[0081] A switching device Id shown in FIG. 10 is a 
modification of the switching device lc shown in FIG. 5, and 
is designed to output electrical signals responsive to an 
operational amount and operational time in the same way as 
in the first and fourth embodiments. £he switching device 


• i • 
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to the information processing 
ia is electrically connected to the 

7 to feed the electrical signals responsive to an 
device 7 to feed _ information 

.rational amount and operational time to 

TI device 7. The switching device Id includes a 
processing device ^ 

. f . o d W hich outputs an electrxca 
swl tch 34 t . the swlt ch 3d when the switch 3d is 

an operational amount of the swxt 

ted and a signal output means Sd which produces a 
operated, and a basefl 
signal relating to operational time of the 
on the electrical signal responsive to the operational 
amount of the switch 3d. , 

,„„„ „ „ „. _ — -. - ; ~ », 

fif th embodiment includes a cover 13. a 

tact !5d and a fixed contact assembly The 
contact isa, an . h t tne 

, ^ *v,« fourth embodiment in that tne 
e^odiment is identical to the fourth 

„ tton 14 is vertically movablj supported on the 
Z l fifth embodiment is also identical to the first 
rUT* - - button 14 has a movable contact - 
formed of a spherically shaped. ^^^Z ^ 
^oner G and attached at the bottom end thereof 

urged by an unshown coil 
the button 14 is always upwardly urged 

lno e tc A fixed contact assembly l«d is arranged in 
spring, etc. a 'J* T he fixed contact 

position facing the movable contact 15,d. The fi 

mblv iec includes a central electrode ISdl. and a 
assembly -l°c , ific4 

Piurality of concentric ring electrodes iec «. • 
L. 16 c5 with radial spacing* ledl between IScl and ««. 


\ 
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16d2 between 16c2 and 16c3, l6d3 between 16c3 and 16c4, and 
16d4 between 16c4 and 16c5. The electrode 16cl is grounded. 
The electrodes 16c2, 16c3, 16c4, and 16c5 are directly 
connected to the interface 32 of the switch 3. TJie 
interface 32 receives a clock CLOCK. 

[0083] The signal output means 5d is identical to 
that used in the fourth embodiment, arid the discussion 

thereof is skipped here. The information processing device 

I 

7 is fully identical to that used in the first embodiment, 
and the discussion thereof is also skipped here. 

[0084] When the button 14 is pressed down against 
the urging of an unshown coil spring in the switching device 
Id thus constructed, the electrically ! conductive rubber G of 
the movable contact 15d is put into cdntact with the 
electrode 16dl of the fixed contact assembly 16d. When the 
button 14 is further pressed down, thd electrically 
conductive rubber G of the movable coritact 15d is deformed 
into contact with the electrodes 16dl and 16d2. When the 
button 14 is even further pressed down, the electrically 
conductive rubber G of the movable coritact 15d is deformed 
into contact with the electrodes I6dl, 16d2, and 16d3 of the 
fixed contact assembly i6d* As the contact area of the 
electrically conductive rubber (3 of the movable contact 15d 
is widened, the electrodes i6dl ■, 16d2, 16d3, 16d4, and 16d5 
are gradually grounded. The interconnection relationship 


, trically conduct!** ribber 0 and the 

elec To Z U« — - * eea aotln9 on the 

^ an4 16d5 of the fixed 

16d1 ' d to the interface - «- 

contact assembly li* ^ tran sferred to 

^o^ation processing device 7. 


the CPU 71 


71 ' K * measures a change 

,0085, The signal output means 5d measur ^ 

, the switch, and outputs the 
ln the operational time of he - 

device 7. „ aT -ietv of processes, 

^ th» CPU 71 performs a variety o 
100 7n the grounded interconnected, state 

ba sed on the change - ^ ^ ^ 16fl5 o£ the 

- ^ el60tr ° ae I - - the signal relating to the 
fixed contact assembly W a 

! ti»e from the signal output means 5. 
operational.*!™* ^ sme 

100871 " the first embodiment, furthermore, 
advantages as those digital signal 

the resistance measuring 

. toT . are dispensed with, 
and the A/D converter _ & d±agram 

-01 /<?ixth Embodiments FIG* 

100881 t M - the present invention. The 

showing a sixth embodiment of the P 


sixth embodiment is arranged by rethdving the signal output 
means 5 in the first embodiment and then transferring the 
signal output means 5 to an information processing device 9. 
The information processing device 9 iricludes a CPU 91 and an 
interface 92. 

[0089] The CPU 91 receives a digital signal output 
from the switch 3, stores a change in the resistance value 
of a resistance sum Ro in the form of voltage, and detects, 
from these pieces of information, a change AR in the 
resistance value, a time segment At diiring which the change 
AR takes place, and an integral of the resistance change. 
The CPU 91 detects these signals as follows. The CPU 91 
samples the resistance sum Ro at regular intervals, compares 
the resistance value at this sampling jtime with the 
resistance value at the immediately pxiior sampling time, and 

i 

determines that the resistance value at the immediately 

i 

i 

prior sampling time is a minimum value, when the resistance 
value at this sampling time is larger .j From this 
determination, the CPU 91 determines the time At from the 
start of the change in the resistance lvalue and the change 
AR in the resistance. The CPU 91 determines the Integral of 
the changes in the resistance sum fto by summing all 
resistance values at sampling times i i:he change AR in the 
resistance sum Ro, the time segment At:, and the integral of 
the. changes, thus determined by the CPU 91, are fed to the 
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information processing device 7. The information processing 
device 7 may functions as the information processing device 
9 as well. 

[0090] The embodiment of the Switching device 

I 

described above may be applied in the [ following fields. 

i 

[0091] Each switching device nlay be used in a joint 
pad. In this case, the force applied on a button of the pad 
is compared with several references, dnd the input state of 
the button is determined to adjust th6 strength of an attack 
by a character in a martial art game, or the speed and 
strength of throwing motion or kicking motion of a character 
in a sports game. 

[0092] The switching device may be applied in a user 
recognizing keyboard. The mannei: in which a user touches 
the key is learned by a personal dompiiter and is then set as 
a reference value. The personal computer compares the 
finger touch of the user with the reference value each time 
the user touches the keyboard. When a difference is large, 
the personal computer determines that someone else touches 
the keyboard, and may lock or re^et itself. Data relating 
to the finger touch may be a speed at which the key is 
pressed. 

[0093] Each of the above switching devices can be 
applied in a keyboard. When the switching device is applied 
in a keyboard, a reference is established based on the force 
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applied on the button, and is stored in a personal computer. 
The finger touch is compared with the reference value. When 
the finger touch is strong, an uppercase letter may be 
selected, and when the finger touch is weak, a lowercase 
letter may be selected. Alternatively, when the finger 
touch is strong, a cursor is upward or downward moved on a 
page by page basis. When the finger touch is weak, the 
cursor is upward or downward moved on a line by line basis. 

[0094] The switching device may be used as a switch 
for setting time on a watch. When time is set on a watch, a 
force applied on the button is compared with a reference 
value. When the force is strong time setting is performed 
on a hour by hour basis. When the force is weak, time 
setting is performed on a minute by minute basis. The 
switching device may be applied as a switch for setting an 
operational time of a timer. When the time of the timer is 
set, a force applied on a button is compared with a 
reference value. When the force is stronger than the 
reference value, the operational time is set on a hour by 
hour basis. When the force is weaker than the reference 
value, the operational time is set on fifteen minutes by 
fifteen minutes basis. When the switching device is applied 
in the timer, the pressing speed of the button may be 
compared with a reference value. The Switching device may 
be applied as a switch in an alarm clock. The manner in 


which the switch is pressed to Std£ the alarm clock is 
learned by a computer, and a reference is set by the 
computer. When a user presses the switch, the computer 
compares the manner in which the switch has been pressed 
with the reference, and allows the alarm clock to function 
again if the difference between is large. 

[0095] The switching device may be used as a channel 
switch of a television receiver. A force applied on the 
channel switch in the television receiver is learned by a 
channel CPU. and a resulting reference is stored. By 
comparing, with the reference, a forc4 that is applied when 
a channel selection is performed, the imanner of channel 

selection is varied. 

[0096] The switching device may be applied as a hot- 
water discharge control device ih a vdcuum bottle. The 
switch is connected to a CPU, and hot ;water is discharged 
under the control of the CPU. A hot-water discharge 
quantity may be controlled to a desited amount according to 
the downward stroke and downward pressing speed of the 
switch. 

[0097] The switching device may be applied in a 
device that turns on or of f & tap. The opening or closing 
of the tap is controlled by a CPU: The switching device is 
connected to the CPU. and a tap water discharge rate is 
controlled in response to the downward stroke and downward 
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signal. These pieces of information are fed to the 
information processing device, theteby permitting the 
information processing device to perform complex control. 

[0103] When the trapezoidally shaped, electrically 

i 

conductive, movable rubber contact is jput into contact with 

I 

the fixed contact assembly composed off the plurality of 
regularly spaced electrodes in a position facing the movable 

contact in the switch, the electrically conductive rubber is 

i 

deformed and comes into, contact With 6ach electrode. In 
this way, the contact area of the electrically conductive 
rubber with each electrode changes. The contact 
relationship of the movable rubber coritact with the 
plurality of electrodes is directly picked up as a digital 
signal. The signal output means obtains information 
relating to the operational time of the switch. These 
pieces of information are fed to the information processing 
device, thereby permitting the information processing device 
to perform complex control. Since the digital signal is 
directly obtained, the A/D converter is dispensed with. 

[0104] When the semi -spherically shaped, 
electrically conductive, movable rubber contact is in 
contact with the fixed contact assembly composed of the 
central electrode placed in the center of the assembly in a 
position facing the movable contact, and the plurality of 
regularly spaced rings of electrodes centered on the central 


electrode, in the switch, the electridally conductive rubber 
is deformed, and comes into contact with the electrodes, 
from the central electrode to radially external electrodes. 
These pieces of information are fed to the information 
processing device, thereby permitting the information 
processing device to perform complex Control. Since the 
digital signal is directly obtained, the A/D converter is 
dispensed with. 

[0105] When the switching device of the present 
invention is applied in the game machine, the movement of a 
character is controlled in response to the information such 
as the magnitude of the pressing force and the operational 
time of the button. The travel distance, the travel speed, 
and impact quantity of the character are controlled in a 
variety of ways. 

[Brief. Description of the Drawings] 

[FIG. 1] 

FIG. 1 is a block diagram showing a first embodiment of the 
switching device of the present invention. 
[FIG. 2] 

FIG. 2 is a circuit diagrairt showing a signal output 
means of the first embodiment. 
[FIG. 3] 

FIG. 3 shows characteristics of operational signals 
generated in the first embodiment of the present invention. 
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[FIG. 4] 

FIG. 4 shows the operation of the first embodiment. 
[FIG. 5] 

FIG. 5 is a block diagram showing a second 
embodiment of the present invention. 
[FIG. 6] 

FIG. 6 is a block diagram showing a third embodiment 
of the present invention. 
[FIG. 7] 

FIG. 7 is a block diagram showing a fourth 
embodiment of the present invention. 

[FIG. 8] j 

i 

FIG. 8 is a circuit diagram showing the construction 
of a signal output means used in the fourth embodiment. 
[FIG. 9] 

FIG. 9 is a timing diagram showing the operation of 
the signal output means in the fourth embodiment. 
[FIG. 10] 

FIG. 10 is a block diagram showing a fifth 
embodiment of the present invention * 

[FIG. 11] ' 

FIG. 11 is a block diagram showing a sixth 
embodiment of the present invention * 

[ Reference Numerals ] 

1 Switching device 
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3, 3a, 3b, 3c, and 3d Switches 
5, 5a, 5b, 5c, and 5d Signal butpiit means 
7 Information processing device 

9 Information processing device 

71 CPU 

72 Interface 

91 CPU 

92 Interface 

13 Cover 

14 Button 

15, 15c, and 15d Movable contacts 
15a Movable magnet 

15b Movable electrode 

16, 16c, and 16d Fixed contacts 
16a Fixed coil 

16b . Fixed electrode 

16cl, 16c2, 16q3, 16c4, and 16c5 Electrodes 
16dl. 16d2, 16d3, 16d4, and 16d5 Electrodes 
19 Spacing 

19cl, 19c2, 19c3, and 19c4 Spaclngs 
19dl, 19d2, 19d3, and 19d4 Spaclngs 
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[FIG. 8J 

55 TIMER 
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72 INTERFACE 

[FIG. 9] 

© OUTPUT OF EXOR GATE 56 
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® Switch operation 
© Contact area 
(D Resistance sum Ro 
® Switch not operated 

(D Switch operated (with button 14 pressed) 
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